dressed that PCOS is a heterogeneous gynaecological syndrome associated with a wide range of endocrine and metabolic abnormalities, including hyperinsulinaemia, hyperglycaemia, glucose intolerance, dyslipidaemia, and obesity, which are regarded as the hallmark components of metabolic syndrome (MetS) (2).
INTRODUCTION
Polycystic ovary syndrome (PCOS) is often characterized by the manifestation of oligo/anovulation, clinical or biochemical hyperandrogenism and/or polycystic ovaries. PCOS affects 5% to 10% women of reproductive age (1). It is ad-
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Ovary Syndrome pid constituent (4). Obese women with PCOS are more prone to dyslipidaemia, particularly elevated triglycerides (TG) and decreased high-density lipoprotein cholesterol (HDL-C) (5,6). Some studies are suggestive of significantly lower levels of HDL-C in PCOS women compared to weight-matched controls (7) . However, in other investigations, no difference was observed in lipid profile between PCOS women and control participants (8, 9) .
It is estimated that approximately one-third of PCOS women also have MetS (10). In fact, PCOS is considered one of the ovarian manifestations of MetS (11). A study (10) showed that metabolic syndrome and its components are common in PCOS, especially among women with the highest BMIs and insulin levels. While obesity is regarded one of the putative factors leading to MetS, IR seems to contribute mainly to the link between PCOS and MetS (12) . In addition, accumulating evidence indicates that women with MetS also exhibit hyperandrogenism (13), a well-established contributor to PCOS aetiology (14) . Androgen in excess appears to affect independently, which further exacerbates the cardiometabolic aberrations in PCOS women (15). However, another study (6) showed that no correlation exist between lipid profile and gonadotrophic hormones or testosterone among PCOS patients. On the other hand, it was also suggested that metabolic disturbances were seemingly more pertinent to adiposity/insulin metabolism than to circulating androgen levels (16).
IR might also negatively correlate with dehydroepiandrosterone sulphate (DHEAS) concentration in PCOS patients (17) . It is reported that obese women with PCOS have lower DHEAS levels compared to non-obese PCOS patients (18). Several studies have shown an inverse association between serum DHEAS and cholesterol levels (19, 20) , resulting in the high incidence of ischaemic heart disease (21,22).
The present study primarily focuses on the associations of IR with endocrinometabolic parameters among Iranian PCOS women. So far, most of the studies have discussed these interactions among PCOS patients with various body mass indices (BMIs) (6, 23, 24) whereas the present article discusses just on overweight or obese PCOS patients. The potential interrelationships of IR, obesity, endocrine disturbances, and MetS have been rarely studied altogether in the setting of PCOS. Therefore, this report was aimed to better clarify the mutual effects of these pathogenic abnormalities in overweight or obese PCOS patients subdivided into insulinresistant (IR) and insulin-sensitive (IS) groups. , and taking no medicines at least 2 months preceding the study. Any patients with a disease affecting metabolic parameters, including Cushing's syndrome, hypoglycaemia, diabetes mellitus, androgen-secreting tumours, or congenital adrenal hyperplasia, hyperprolactinaemia, hyperparathyroidism, thyroid disorders, and hypertension, were excluded from the study. Patients taking drugs that affect glucose or insulin metabolism, such as glucose-controlling drugs, contraceptives, glucocorticoids, beta-blockers, anti-coagulants, non-steroidal anti-inflammatory drugs (NSAIDS), anti-obesity drugs, multivitamins, and any dietary supplements within 2 months before the entry to the study were also excluded. In addition, history of being on a special diet, such as weight-losing diet during the 6 months before the onset of the study, was regarded an exclusion criterion.
MATERIALS AND METHODS

Patient population
The obtained data for medical history included age, intake of drugs, smoking and alcohol consumption, levels of physical activity. Dietary intake was measured using a 3-day food recall. Blood pressure (BP) was measured after a 10-min rest period, using digital automatic blood pressure monitor (Omron, Japan). Systolic BP above 130 mmHg and diastolic BP above 80 mmHg were regarded as hypertension (28). Subjects were weighed in light clothing without shoes. Height was measured to the nearest 0.1 cm, using a wall-mounted stadiometer. BMI was calculated as weight (kg) divided by the square of height (m). For further analysis, the patients were also subdivided into 2 groups of BMI: the overweight group (BMI 25-29.9 kg/m 2 ) or the obese group (BMI ≥30 kg/m 2 ) (29). Lipid profile and other parameters were also compared between these two subgroups. Waist-circumference (cm) was measured at a level midway between the lower rib margin and iliac crest (30).
Laboratory measurements
After a 12-hour overnight fasting, 10 mL blood was obtained in the follicular phase of the menstrual cycle (i.e. serum progesterone level lower than 2.5 ng/mL) (31). In terms of high progesterone level, the whole measurements were repeated after one or two week(s). The whole blood samples were centrifuged at 3,000 rpm for 5 minutes. The samples were analyzed either immediately or during the first week after conservation at -20 °C.
Serum glucose, total cholesterol (TC), TG, and HDL were analyzed using the standard enzymatic method (Pars Azmoon kit, Pars Azmoon Inc., Tehran, Iran) (glucose: CV inter-assay=0.90%, TC: CV interassay=1.1%, TG: CV inter-assay=1.6%, and HDL: CV inter-assay=1.8%). LDL-C was calculated with the Friedewald (1972) Formula: LDL=[TC]-[HDL]-[TG]/5.0 (mg/dL). Levels of free testosterone (DiaMetra, Italy, CV inter-assay ≤10%), DHEAS (DRG Instruments GmbH, Germany, CV inter-assay=4.8%), and 17-OHP (DRG Instruments GmbH, Germany, CV inter-assay=6.7%) were measured using enzyme-linked immunosorbent assays (ELISAs) method. Total testosterone (CV inter-assay=5.3%), LH (CV inter-assay=3.8%), FSH (CV inter-assay=3.8%), prolactin (CV inter-assay=6.4%), progesterone (CV inter-assay=9.6%), and plasma insulin levels (CV inter-assay=3.9%) were all measured using chemiluminescence methods (Liaison®; DiaSorin S.P.A., Saluggia, Vercelli, Italy).
Hyperandrogenaemia was considered as either serum testosterone level above 2.08 nmol/L and/or serum DHEAS level above 7,800 nmol/L (32). Increased serum 17-OHP was defined in levels above 4.8 nmol/L to exclude congenital adrenal hyperplasia (33).
Oral glucose tolerance test (OGTT) and evaluation of IR and MetS
The standard oral glucose tolerance test (OGTT) was performed two hours after administration of 75 g glucose for all the patients (34). Quantitative insulin check index (QUICKI), a simple marker for insulin sensitivity, was calculated as 1/(log fasting insulin × log fasting glucose in mg/dL) (35). The homeostasis model of insulin resistance (HOMA-IR) was calculated as [fasting plasma glucose concentration (mmol/L) × fasting serum insulin concentration (µU/mL)/22.5] (36). IR was defined as HOMA-IR value of ≥3.8 (37). Impaired glucose tolerance (IGT) was defined as an elevated fasting glucose (110 mg/ dL ≤G 0 ≤125 mg/dL) or an elevated 2-hour glucose (140 mg/dL ≤ G 120 ≤199 mg/dL) (37). The patients were divided into insulin-resistant (IR) and insulin-sensitive (IS) groups. First, lipid profile and hormonal parameters were compared between the two groups. Then, the correlation of lipid profile with several metabolic parameters and hormonal profile were analyzed.
MetS was defined according to the National Cholesterol Education Program (NCEP) guidelines (38).
Having at least three of the following criteria, individuals were diagnosed as MetS: increased waistcircumference (>88 cm), low serum HDL-C (<50 mg/dL in women), hypertriglyceridaemia (>150 mg/dL), hypertension (BP >130/80 mmHg), and high fasting blood glucose (>110 mg/dL).
Statistical analysis
The Kolmogorov-Smirnov test was used in checking for the normality of data; all data were normally distributed. Data were expressed as mean±SD for continuous variables and as frequency (percentage) for categorical variables. Independent-sample t-test was used for comparing continuous variables, and chi-square or Fisher's exact test was used for categorical variables. Correlations between lipid profile and metabolic and hormonal parameters were examined using Pearson's correlation coefficients. Partial correlations were run to determine these associations after controlling for BMI and age. A p value of <0.05 indicated significance.
RESULTS
None of the PCOS patients was taking drugs at least 2 months preceding the study. The mean age and BMI of PCOS patients were 26.9±5.7 years and 31.4±3.8 kg/m 2 respectively. Thirty-six percent of overweight or obese PCOS patients had HOMA-IR ≥3.8 and constituted insulin-resistant group.
Moreover, only 5 out of 63 PCOS patients were intolerant to glucose (142-215 mg/dL); however, none was diabetic. General characteristics and hormonal features of the patients in the IR and the IS groups are shown in Table 1 .
More than half of the patients were similarly hyperandrogenic in the IR and IS groups (p=0.550). Around 80% of the IR and IS groups had hirsutism. The two groups had similar oligo/anovulation pattern (95% in both groups).
The IR and IS groups did not differ in terms of age and systolic or diastolic blood pressure (Table 1) . Obesity was significantly more prevalent in the IR compared to the IS group (77% vs 50%, p=0.038) (data not shown). However, the mean BMI was similar between the two groups (32.27±3.46 in the IR vs 30.91±3.88 kg/m 2 in the IS group, Table 1, p=0.175). Waist-circumference was nonsignificantly higher in the IR group compared to the IS group (p=0.072). There was no significant difference in energy intake, using a 3-day food recall, between the two groups (2,382 calories/day in the IR vs 2,355 calories/day in the IS group). Fasting insulin concentration (Figure 1 ) and HOMA-IR ( Figure 2 ) were significantly higher (p<0.001), and QUICKI and glucose-to-insulin ratio were significantly lower (p<0.001) in the IR compared to the IS group (Figure 2) . HDL-C was also significantly lower in the IR vs IS group (41.78±7.54 in the IR vs 47.25±8.38 in the IS group) (p=0.012) (Figure 1 ).
For further analysis, a comparison of lipid profile, metabolic and hormonal parameters was made between the two subgroups of overweight and obese PCOS patients. A significant difference was observed in fasting insulin concentration (18.42±9.61 mIU/mL in the obese vs 13.43±4.42 mIU/mL in the overweight group, p=0.008). HOMA-IR was significantly different between the two subgroups (3.86±1.92 in the obese vs 3.04±1.07 in the overweight group, p=0.036). HOMA-IR >3.8 (p=0.038) and one of the MetS components, i.e. waistcircumference (p<0.001), were significantly more prevalent among the obese PCOS patients. Other parameters were more or less similar between overweight and obese PCOS patients (data not shown).
The frequency of MetS and all of its individual components were higher in the IR compared to the IS group. Nearly half of the IR patients compared to 20% of the IS patients had MetS. However, only the frequency of MetS (p=0.034) differed significantly between the IR and the IS groups (Table 2) .
Neither the IR nor the IS patients had significant differences in hormonal parameters (Table 1) . For all (Table 3) , even after adjusting for the confounders (Table 5) . However, regarding hormonal parameters, LH concentration correlated significantly with LDL-C (r=0.50, p=0.017) whereas non-significantly with total cholesterol (r=0.37, p=0.078) in the IR group (Table 4) . This association became non-significant after adjustment (Table 6 ). The marginal correlation of FSH with HDL-C (r=0.41, p=0.051) in the IR group (Table 4) became significant (r=0.58, p=0.018) after controlling for the confounders (Table 6 ). Moreover, LH/ FSH ratio correlated significantly with TC (r=0.42, p=0.043) and LDL-C (r=0.50, p=0.016) in the IR group (Table 4) , which were non-significant after adjustment (Table 6 ). The reverse correlation of testosterone with HDL-C was also marginal (r=-0.30, p=0.059) in the IS group (Table 4) , which became significant (r=-0.35, p=0.049) after controlling for the confounders (Table 6 ). Further analysis with partial correlation test indicated that there were significant associations of serum progesterone level with LDL-C (r=0.38, p=0.033), HDL-C (r=-0.32, p=0.047), and TC (r=0.34, p=0.056) only in the IS group (Table 6) . 
DISCUSSION
The present study was aimed to investigate the associations of IR with endocrinometabolic parameters in overweight or obese PCOS patients. The results showed that fasting insulin concentration and HOMA-IR were higher (p<0.001); QUICKI and glucose-to-insulin ratio (p<0.001) and HDL-C (p=0.012) were lower in IR group. MetS (p=0.034) and obesity (p=0.038) were more prevalent in the IR group.
The prevalence of IR was 36.5% among the PCOS patients. This is higher than that (24.9%) reported previously in a large-scale study of PCOS patients conducted in Isfahan, Iran, with the same cutoff point for IR (39). According to our findings, IR is, at least to some degree, pertinent to obesity and not attributed solely to PCOS. In our study, insulin concentration and HOMA-IR were significantly higher in the obese PCOS patients compared to the overweight women (data not shown). On the other hand, the mean BMI and the prevalence of obesity (p=0.038) were higher in the IR compared to the IS patients, a finding which is consistent with previous studies (6, 23, 24) . In fact, abdominal obesity can result in higher insulin concentration (40); and the resultant hyperinsulinaemia may encourage further obesity (41). Although IR occurs in obese as well as lean subjects with PCOS (42), any degree of obesity is liable to trigger reduced insulin sensitivity.
The IR and IS groups differed significantly concerning HOMA-IR, QUICKI, and glucose-to-insulin ratio. Lipid abnormalities were more common in the IR than the IS group. Among lipid profile, only the level of HDL-C was lower in the IR group, which is in line with prior studies (9, 23, 24, 43) . In the study conducted by Robinson et al. (9) , the authors suggested that low HDL-C was associated with insulin sensitivity rather than BMI. In fact, IR seems to contribute to dyslipidaemia partly through lipolysis stimulation and altered expression of lipoprotein lipase and hepatic lipase (44). In our study, elevated LDL-C level was not found in the insulin-resistant patients as in the study by Kalra et al. (23) who compared lipid profile between insulin-resistant and non insulin-resistant PCOS groups. In another study, no significant correlation was observed between HOMA-IR and LDL-C (43).
In our research, hypertriglyceridaemia and hypercholesterolaemia-though higher in the IR patients-were not significantly different between the two groups. This finding contradicts with the results of Kalra et al. (23) in which the cutoff point of 4.5 was used for the diagnosis of insulin resistance. Moreover, the IS group was of normal BMI and the IR group were overweight whereas both of our groups were basically overweight or obese PCOS patients. In a study by Holte et al. (8) , in which obese and non-obese PCOS patients were compared, the authors found that plasma free fatty acid concentrations dramatically increased in obese women with PCOS. This was closely associated with the lower insulin sensitivity and lower glucose tolerance in these women. Despite these broad metabolic abnormalities, the lipoprotein lipid profile was not significantly more abnormal in obese women with PCOS than in their weightmatched controls.
The prevalence of MetS in the IR vs IS PCOS patients was significantly higher (43.5% vs 20%) (p=0.034), which is consistent with preceding reports of one-third to one-half of the affected women (24, 45) . All the individual components of MetS were more common in the IR compared to the IS group as in the study by , except for hypertension. As we recruited no hypertensive patient in the study, this item was not observed among the patients. Overall, these metabolic aberrations compromise the health of PCOS women by putting them at higher risk of cardiometabolic diseases (24).
Among IR markers, only QUICKI significantly correlated with p=0.036) in all PCOS patients; however, it was nonsignificant after adjusting for the confounders. Further analysis among the IR and IS patients revealed significant correlations between lipid profile and obesity markers only in the IS group (data not presented). This finding indicates that the presence of IR may not necessarily lead to lipid abnormalities in PCOS as found in a prior study (6).
In the present research, the mean levels of basal serum LH and FSH were found to be lower in the IR compared to the IS patients; however, the difference was not significant. This could be due to the comparison of hormonal profile between the two groups with similar BMI. By contrast, in the study of Mor et al. (46) , in which the level of LH was significantly lower in the IR group, patients with IR were significantly more obese than IS group (p<0.05). Obesity in PCOS has been shown to be associated with an attenuation of the LH pulse amplitude (47). In the present report, the ratio of LH/FSH did not differ between the IR and IS group. However, LH/FSH ratio correlated significantly with TC (r=0.30, p=0.032) in all PCOS patients after controlling for the confounders. Supporting this finding, a study (48) among nationally-representative sample of post-menopausal women showed that markers of dyslipidaemia, which are characteristics of PCOS-related morbidities, were also significantly associated with LH/FSH ratio. Similarly, in the IR group, LH/FSH ratio was a significant correlate of TC (r=0.42, p=0.043) and LDL-C (r=0.50, p=0.016); however, their association became non-significant after adjustment. This finding merits further investigation.
Lower testosterone level observed among the IR patients in this study may result from the low levels of LH in those patients as reported by Mor et al. (46) . The observation of low LH in obese insulin-resistant women is in line with the results of previous studies (49,50), offering two distinct phenotypes for PCOS-a low-LH and high-insulin group and a high-LH and low-insulin group (51), further necessitating the designation of PCOS patients into IR and IS groups. Such division is not currently considered among the criteria which define PCOS.
The results from partial correlation suggested an inverse correlation between testosterone and HDL-C (r=-0.35, p=0.049) in the IS group as well as between FSH and HDL-C (r=-0.58, p=0.018) in the IR group. These findings are in contrast with the study of Meirow and co-workers (6) in which no correlations were found between lipid profile and any of the gonadotrophic hormones or testosterone among PCOS patients. In hirsute women, total and free testosterone levels correlated with triglycerides (r=0.72, p<0.05; r= 0.55, p<0.01 respectively) and HDL-C (r=-0.55; p<0.05; r=0.68, p<0.05 respectively) (52). In another study (53) of 430 healthy women, FSH had positive correlations with TC (r=0.13) and HDL-C (r=0.13) in post-menopausal women. Testosterone had no correlation with lipid profile. However, exogenous testosterone is reported to affect HDL-C negatively via hepatic lipase (HL), an enzyme which enhances the clearance of HDL-C (54).
Concerning adrenal steroidogenesis, there was an inverse significant relationship between DHEAS and cholesterol level (r=-0.27, p=0.031) in all PCOS patients as in prior studies (6, 19, 20) but this association was no longer significant after adjustment for BMI and age. DHEAS may directly affect insulin sensitivity by increasing insulin-binding to its own receptor (55). Evidence suggests that DHEA may also be associated with IR and hyperinsulinaemia through its relation with obesity (56), which was shown in the present study. Further analysis with partial correlation indicated that serum progesterone level had direct correlations with LDL-C (r=0.38, p=0.033) and TC (r=0.34, p=0.056), and inverse correlation with HDL-C (r=-0.32, p=0.047) only in the IS group. This finding shows that the level of serum progesterone can affect lipid profiles in PCOS patients of the IS group. It is also in accordance with another study which was suggestive of the favourable effect of progesterone on HDL-C and LDL-C (57).
A relatively limited sample was included in the present study due to taking into account a vast number of effective confounders as inclusion criteria. The controversies which exist in different studies may result from different diagnostic criteria used for PCOS, inclusion of women with different BMIs, and probable use of progestin for menstrual induction preceding the study. However, in the present investigation, diagnosis of PCOS was based on the Rotterdom criteria, widely used in most researches. Moreover, only overweight or obese patients at a limited age range (i.e. 17-37 years) were recruited. Finally, no hormonal treatment (i.e. progestin) was used for menstrual induction before the study.
Conclusions
Regarding the higher prevalence of obesity and MetS in the PCOS patients of the IR group, screening such women to prevent further cardiometabolic complications seems warranted. Furthermore, lipid abnormalities may occur in PCOS, irrespective of IR. To manage the disease, the complicated interrelationships among lipid profile, obesity, IR, MetS, and hormonal parameters should be considered.
